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a versatile encoding that ease the trials and error approach a sufficiently efficient approach to experiment on mid-size datasets 

∃(ei ) i∈[p-1] such that pi ⊆ te i for all i ∈ [p -1] and px ⊆ tp.
1 item( I ) :-seq(T,P,I) .
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  Representing the pharmaco-epidemiology tool-chain in ASP ⟨D, S, K, M, C⟩ D (facts): raw-administrative data base encoding K (facts): knowledge-base (ontology, guidelines, etc) S: rules for prior patient selection and feature selection M: efficient ASP encodings of sequence mining C: pattern selection constraints Answer Set Programming (ASP) sequence mining framework a unified formalism to represent the entire processing chain (in few lines)

⇒

  T,P,1) :-seq(T,P,E):pat(1,E); seq(T,P,_). 10 occ(T,P,X+1) :-occ(T,Q,X); seq(T,P,_); Q<P; 11 seq(T,P,E):pat(X+1,ESeveral alternative encodings were implemented and evaluated [GMQS16] Alternative strategies to evaluate pattern covering skip-gaps vs fill-gaps embedding evaluations Efficient additional rules Early filtering out infrequent items Using projected databases principle: extend patterns only with potentially frequent items (fill-gap basis) item(1, I ) :-item( I ) , #count{ T: seq(T,_,I) } >= th. item(Ip+1,I) :-item(Ip , I ) , #count{ T: seq(T,Is, I ) , occ(T,Ip , Is ) } >= th. 1 { pat(Ip , I ) : item(Ip , I ) } 1 :-slot (Ip) pattern constraints (efficient and easy to implement constraints) :-pat(X,I ) , forbidden_item(I ) .more practical examples on the use-case Most of the constraints only require the addition of rules easy to modify a pattern mining task by (des)activate rules sequences, 100 different items mean length of sequences: 30 items 20 simulated patterns of mean length 5 and with a frequency of 10% probability of occurrence of an item: a normal distribution (µ = .5is slightly more efficient (especially for large memory requirement problems) CPSM is 1 to 2 order of magnitude faster than ASP encoding reduces significantly the required memory length of the sequences is a very sensitive dataset characteristic very low threshold will not increase the memory requirements maximal and closed encoding require more memory T. Guyet ILP@IJCLR -11/2023

s}| Frequent pattern mining: Given

  

	SPM-ASP SPM-ASP SPM-ASP SPM-ASP SPM-ASP	Integrated toolchain Integrated toolchain Integrated toolchain Integrated toolchain Integrated toolchain	ASP-SMT ASP-SMT ASP-SMT ASP-SMT ASP-SMT	CCL CCL CCL CCL CCL
	Sequential pattern mining Sequential pattern mining Sequential pattern mining Integrating knowledge into pattern mining Basic ASP encoding of frequent sequential pattern mining
	T. Guyet T. Guyet T. Guyet T. Guyet T. Guyet supp(p) = |{s ∈ D|p ⪯ T. Guyet ILP@IJCLR -11/2023 Introduction Sequential pattern mining in ASP Frequent sequential pattern mining ASP encodings Experiments Partial conclusions Integrated pharmaco-epidemiology toolchain GENEPI study Toolchain encoding Partial conclusions Implementation of ASP propagator ASP-MT motivation and principles Sequence covering propagator Experiments Conclusions and Perspectives ILP@IJCLR -11/2023 SID sequence 10 ⟨a(abc)(ac)d(cf )⟩ 20 ⟨(ab)c(bc)(ae)(ad)⟩ 30 ⟨(ef )(ab)(df )cbc⟩ 40 ⟨eg(af )cbc(de)⟩ 50 ⟨aa(ad)b⟩ ILP@IJCLR -11/2023 ⟨1, 3, 5⟩) SID sequence 10 ⟨a(abc)(ac)d(cf )⟩ 20 ⟨(ab)c(bc)(ae)(ad)⟩ 30 ⟨(ef )(ab)(df )cbc⟩ 40 ⟨eg(af )cbc(de)⟩ 50 ⟨aa(ad)b⟩ ILP@IJCLR -11/2023 Let D be a set of sequences, the support of pattern p in D is the 2, 4⟩, number of sequences in D that contain p: supp(p) = |{s ∈ D|p ⪯ s}| Frequent pattern mining: Given a support threshold σ, find the complete set of sequential patterns with support above σ SID sequence 10 ⟨a(abc)(ac)d(cf )⟩ 20 ⟨(ab)c(bc)(ae)(ad)⟩ 30 ⟨(ef )(ab)(df )cbc⟩ 40 ⟨eg(af )cbc(de)⟩ Some frequent patterns: ⟨abd⟩ (but not ⟨a(bc)d⟩) ⟨(ab)c⟩ ILP@IJCLR -11/2023 Let D be a set of sequences, the support of pattern p in D is the Atom Meaning number of sequences in D that contain p: ILP@IJCLR -11/2023 Embedding constraints: specification of the embedding relation ⪯ item(e) item e belongs to some t ∈ D examples: exclude items, super-pattern, cost → extract only frequent patterns that do not contain the b item slot (x )	7 / 42 8 / 42 9 / 42 9 / 42 10 / 42 10 / 42

A sequence s is an ordered set of events (or itemsets)

A sequence s is an ordered set of events (or itemsets) A sequential pattern is a subsequence example: pattern p = ⟨a(bc)d⟩ containment relation: p ⪯ s → inclusion of itemsets → gaps are allowed embedding: is a mapping of a pattern to a sequence (⟨1, a support threshold σ, find the complete set of sequential patterns with support above σ SID sequence 10 ⟨a(abc)(ac)d(cf )⟩ 20 ⟨(ab)c(bc)(ae)(ad)⟩ 30 ⟨(ef )(ab)(df )cbc⟩ 40 ⟨eg(af )cbc(de)⟩ Some frequent patterns: ⟨abd⟩ (but not ⟨a(bc)d⟩) ⟨(ab)c⟩ → Algorithms are based on an anti-monotonicity property p ⪯ p ′ =⇒ supp(p ′ ) ≤ supp(p) Too many "useless patterns" pattern mining algorithms generate a deluge of patterns ... it is not reasonable to present this deluge of patterns to a data analyst a challenge of pattern mining: extract fewer but meaningful patterns. Constrained(sequential) pattern mining A user defines constraints to specify the expected patterns based: Pattern constraints: expressed on an individual pattern p examples: gap constraint, span constraint, number of embeddings → p ⊑ s iff p ⊑ s with at most two items in-between successive embedding positions (⟨(a)(bc)(ae)(e)(ad)⟩) Dataset constraints: expressed on the set of sequences matching a pattern {s | s ⪯ p} examples: frequency constraint (frequent, rare), discriminant, contrastive 1 ≤ x ≤ m refers to the position x of an item sx in p pat(x ,e) px = e is the item at position x in p cover(t) ⟨p1 . . . pm⟩ ⪯ ⟨t1 . . . tn⟩, that is, p ⪯ t occ(t,p,x )

cover(T) :-patlen (L); occ(T,_,L). 16 :-not k { cover(T) }.T. Guyet ILP@IJCLR -11/2023

Basic ASP encoding

Database encoding seq(t,x ,e): sequence t, at position x holds the item e seq(0,1,20). seq (0,2,19). seq(0,3,2). seq (0,4,18). seq(1,1,5). seq (1,2,6). seq (1,3,6). seq (1,4,14). seq(2,1,13). seq (2,2,12). seq (2,3,9). seq (3,1,15). seq(3,2,7). seq (3,3,17). seq (3,4,17). seq (4,1,11). seq(4,2,2). seq (5,1,14). seq (5,2,[START_REF] Guyet | Declarative Sequential Pattern Mining of Care Pathways[END_REF]. seq (5,3,13). seq(5,4,1).

Raw database of patients (D) in FOL

Patient raw database Patient information (e.g. sex, age, chronic long-term illness) Care events (timestamped):

hospital stays (including diagnosis codes) drugs deliveries medical consultations (general practitioners, specialists)

Facts encoding: patient(0). sex(0,m). birthYear (0,1960). delivery(0,1,3585053,1). delivery(0,1,3599730,1). delivery(0,154,3599730,1). delivery(0,346,3599730,1). delivery(0,350,3599730,2). disease(0,380,g409). disease(0,380,k700).

Data preparation S

Sequence of AED deliveries within the 3 months before the first seizure firstseizure(P,T) :-disease(P,T,D), is_a(D,g40;g41), #count{Tp: disease(P,Tp,Dp), is_a(Dp,g40;g41), Tp<T}=0.

seq(P,T,delivery(AED,1)):-delivery(P,T,CIP,Q), aed(CIP,AED), generic(CIP), T<Ts, T>Ts-90, firstseizure(P,Ts).

seq(P,T,delivery(AED,0)):-delivery(P,T,CIP,Q), aed(CIP,AED), not generic(CIP), T<Ts, T>Ts-90, firstseizure(P,Ts).

G40 and G41 are disease codes for epileptic seizures (CIM-10 ) aed/2: classifies a drug code in one of the 5 ATC classes of AED dates are numbers of days (integers)

Are ASP pattern mining ready for practical use? 

Partial conclusions

ASP enables to encode sequential pattern mining tasks in an "intuitive" way Different encodings have been proposed

easy implementation/(des)activation of a wide range of pattern mining constraints ⇒ versatility and readability of encodings Evaluation of the efficiency, ASP encoding of FSM is not competitive with state of the art algorithms comparable with "fairly-versatile" other declarative frameworks (SAT/CP) Some limitations ⇒ memory requirement is the hardest constraint ⇒ the most efficient encodings are not the most "intuitive" T. Guyet ILP@IJCLR -11/2023

Declarative pattern mining approach (reminder ) ⇒ evaluation of pattern's embeddings is memory consuming 1 item( I ) :-seq(T,P,I) .

3 slot (1). 4 { slot (X+1) } :-slot (X); X<max. 5 1{ pat(X,E) : item(E) } :slot (X).

7 patlen (L) :-pat(L,_);

8 not pat(L+1,E):item(E). 9 occ(T,P,1) :-seq(T,P,E):pat(1,E); seq(T,P,_). 10 occ(T,P,X+1) :-occ(T,Q,X); seq(T,P,_); Q<P; { slot (X+1) } :-slot (X), X<maxlen-1. patlen (L+1) :-slot (L), not slot (L+1).

1 { pat(X,I ) : item( I ) } 1 :-slot (X).

% is the pattern covers the sequence S or not?? { cover(S) } :-seq(S,_,I ) , pat(_,I ) .

:-#count{ S : cover(S) } < th. 

Role of the theory propagator

→ detect conflicts with the theory constraint in a partial model → identify no goods: a small subset of atoms that "explains" a conflict

The "smallest" the no good, the more informative ⇒ detect conflicts from partial models

Early detection of conflicts in partial models

Partial model: describe a pattern q s.t. q ⪯ p cover(s) ∧ q ̸ ⪯ s, then p ̸ ⪯ s: an early no-good is send to the solver ¬cover(s) ∧ q ⪯ s, ...: can not but used as no good to discard p ⪯ s

Comparison between propagators and pure ASP ⇒ it is compatible with (most of) the end-to-end toolchains